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I. Background
This report describes the first experimental results from the Radial Acceletron, a radial transit time oscillator designed using PIC simulations by Arman [1] , and later analyzed further by Luginsland and colleagues [2] . Electromagnetic oscillators using radially propagating planar electron beams were initially proposed by Varian [3] in 1941, as part of the work undertaken at
Stanford University during development of the klystron. Not recognized at the time were many of the advantages inherent in such a radial geometry:
-low electron source (diode) impedance due to the cylindrical geometry -simplified coupling between the rf generating device and the output structure (cylindrical device to cylindrical waveguide or transmission line)
-minimal or no external magnetic field required to control electron beam instabilities.
Other than the initial theoretical work by Varian, rf generation using radially propagating planar electron beams remained unexplored until the early 1990's. At that time, as an outgrowth of work simulating a cylindrically symmetric millimeter-wave transit time oscillator, Arman [4] noted the advantages of a radially propagating planar beam and developed a proposal for a radial klystron oscillator [5] independent of the earlier work by Varian. The radial klystron oscillator was further refined into the Radial Acceletron: a cylindrically symmetric transit time oscillator propagating a planar electron beam radially in the anode-cathode (A-K) gap. The developmental work by Arman [1] was performed entirely numerically, using the 2V2D (2D geometry, 3D
fields) particle-in-cell (PIC) electromagnetic simulation code MAGIC [6] .
II. l-D Circuit Analysis
By modeling the Radial Acceletron as a nonlinear diode in series with an R-L-C circuit representing the resonant cavity, Luginsland derives the following small-signal equation governing the growth of RF oscillations within the cavity:
For this derivation, 000 is the usual resonant frequency, Q is the cavity quality factor (including losses due to both wall conductivity and rf radiation), and Z D is the impedance of the nonlinear diode. It is clear that the initial growth rate of fr oscillation is governed by the coefficient term associated with the first derivative
The rf voltage growth rate (e-folding time) is readily calculated to be
Assuming the usual relationship between current and voltage in a space-charge-limited diode [7] and substituting into (2) gives an expression for the minimum current required for the onset of rf oscillation (note that in (4) the diode area has been collapsed into the perveance factor 'P'):
,. 
HI. Circuit-Model Parameters
The 1-D circuit equations used to model rf growth in the Radial Acceletron contain a number of free parameters: Q, R, ZD, and ©o. The parameters Q, R, and ZD can be readily estimated from the design characteristics of device; a conceptual drawing of the prototype Radial Acceletron is shown in Figure 4 , with a detail drawing of the actual prototype device in Figure 5 . The resonant frequency <oo, is more problematic; the device requirements are that the radial waveguide (lossy cavity) used to couple the A-K gap to the output transmission line must have a maximum in radial electric field at the A-K gap, and that the transit time of a space-charge-limited electron across the A-K gap must be between one-half and one times the period of oscillation: n/oüo < gap crossing time < Infcoo . The large physical size of the prototype compared to the wavelength of the desired microwave radiation results in a number of operating modes that satisfy these 
Here S is the diode area, x is the A-K. gap separation distance, and ß is a constant equal to 1.0 for a planar gap, and calculated using the method of Langmuir for a gap consisting of two concentric cylinders (as in the Radial Acceletron).
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IV. 2-D Finite Difference Time Domain Simulation
Simulation of the as-constructed prototype Radial Acceletron was performed using MAGIC Simulation runs were accomplished through the full scale of input pulse voltages achievable from the pulse power driver used by the experimental prototype: 150 kV through 500 kV.
Simulations were performed for two prototype device configurations: one with the extractor plate removed (thus eliminating the radial waveguide/output transmission line structure), and one with the extractor plate installed (the normal operating configuration). This was done to allow direct comparison between simulation and experimental measurements of the diode impedance (which were accomplished with the extractor plate removed).
With the extractor plate removed, the expected simulation result was a simple current rise to the space-charge-limited value, followed by a fall-off to zero at the end of the voltage pulse. 
V. Comparison of Experiment and Simulation
Initial experiments with the prototype Radial Acceletron emphasized measurement of cavity Q and diode impedance Z D , and comparison between simulation and experiment. Measurement of Q proved problematic; the large physical size of the prototype compared with the rf wavelength at the desired operating point results in a large number of nearly degenerate modes throughout the rf spectrum. Individual resonant modes were neither distinguishable nor measurable. A comparison of Z D as derived from Child-Langmuir theory, simulation, and experimental data is shown in Figure 6 . The value of the 'P' parameter (related to diode perveance) is shown in Figure 7 . An extensive experimental effort to identify the simulation-predicted 5.28 GHz rf was unsuccessful.
The final experimental run at the maximum output of the Gemini pulser yielded measurable microwave output of 10's of kW near the original design frequency. This result was achieved after the removal of ferrite tiles that were placed to decouple the radial cavity from the output extractor. The power levels and the frequency are consistent with the experimental values of Q and are also consistent with both PIC simulations and circuit models. The final data run is still undergoing analysis and the complete results will be published in a forthcoming article.
VI. Analysis
From Figures 1 and 2 , it can be readily seen that the required start current for rf growth, and the ■ o -^.. V,
